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ABSTRACT 

This paper reports on the results of several 
experiments concerned with instructions to forget certain information 
and to reneiBber other information presented in the context of a 
variety of laboratory tasks of short-'tero memory. Assessment of the 
retention of remember material indicated that it varies directly with 
the degree to vhich clear cognitive differentiation of forget and 
remember material is permitted and the extent to which one is able to 
devote all rehearsal activity to remember material. These mechanisms 
of differential grouping and differential rehearsal were also 
implicated by the observation that information one is directed to 
forget is not expunged from memory but is still largely available in 
storage* The effects of these two processes permit the later 
operation of a third directed forgetting mechanism^ selective search 
(focusing at retrieval time on the to^be-remembered information). The 
results of various studies of non-intentional forgetting are also 
reported. The significant conclusions which they suggest include: 
tip-of-the-tongue states are relatively transient, the temporal 
dating of to-be-remembered events may not be important to their 
retrieval, and selective rehearsal may be at the root of a number of 
situations in which short-term memory is facilitated. (Author/BE) 
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;^uthor's T^vbstract 



Instructions to forgot certain infornation and 
to ren^ember other inforrr.ation were presented in the 
context of a variety of laboratory tasks of short- 
term menory. Assessment of the retention of remember 
material indicated that it varies directly with the 
degree to which clear cognitive differentiation of 
forget and remember m.aterial is permitted and the 
extent to which one is able to devote all rehearsal 
activity to remem±)er material. These mechanisms of 
differential grouping and differential rehearsal were 
also implicated by the observation that information 
one is directed to forget is not expunged from memory 
but is still largely available in storage. The effects 
of these tv;o processes permit the later operation of 
a third directed forgetting mechanism^ selective 
search (focusing at retrieval time on the to-be- 
rem.embered information) . 

The results of various studies of nonintentional 
forgetting are also reported. The significant conclu- 
sions v/hich they suggest are to be the following: 

(1) tip-of-the-tongue states are relatively transient; 

(2) the temporal dating of to-be-renembered events 

may not be important to their retrieval; (3) selective 
rehearsal may be at the root of a numJ:>er of situations 
in which short-term memory is facilitated^ e.g.^ v/here 
to-be-remembered events are perceptually isolated. 
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GEI.TRAL I^ITRODUCTION 



The general concern of this grant has been v:ith 
problems of huiran raemory. The approach to these pro- 
blems has sometimes involved simple laboratory tasks 
in v;hich rather than instructing a subject to remem- 
ber material, he is instead directed to forget infor- 
mation intentionally. The underlying belief has been 
that such an emphasis may yield insights into the 
human memory system, which would not othenzise have 
been forthcoming through more traditional procedures. 
In addition, forgetting is such a pervasive phenomenon 
as to suggest that it has useful or adaptive charac- 
teristics. Thus questions concerning hov/ one forgets 
information voluntarily or intentionally v^ere of 
especial interest in this research. The description 
of our investigations begins with those studies which 
have used a directed forgetting procedure. Then 
follovTS a second major division covering studies of 
nonintentional forgetting. 
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INTRODUCTION TO STUDIES OF IIITEMTIONAL FORGETTING 



A Procedure and Previous Results 

The methods and results of experiments in which 
subjects are instructed to forget information deli- 
berately have been reviewed in monographs by Bjork 
(1972) and Epstein (1972) and the interested reader 
is directed to these sources for a complete intro- 
duction to the topic. For present purposes^ it will 
suffice to give an example of an intentional forgetting 
procedure and to mention the sorts of observations 
commonly made, A very simple situation which we have 
used involves presenting lists of words sequentially 
after each of v/hich the subject is tested by the 
method of free recall^ that is^ he is asked to recall 
as many of the words as possible in any order he wishes. 
To turn this into an intentional forgetting task/ we 
can inform the subject that during some of the lists 
but not all of them^ a signal (e,g,^ a buzzer) v/ill 
occur after one of the list members. The subject is 
further instructed that this means to forget all 
items prior to the buzzer (the forget words) and to 
remember only those subsequent to the buzzer (the 
remember words) . He is not told^ however^ as to whether 
the particular list about to be presented will con- 
tain a forget cue. 

Concerning the results of this kind of procedure ^ 
arranging things such that lists with and without cues 
include the same number of remember words permits a 
simple comparison between the mean number of such 
items retrieved from for get-cue and non- forge t^cue 
lists. This gives an idea of the extent to which 
forget v7ords interfere with the recall of remember 
words. Very often the interference is negligible 
indicating positive or functional forgetting of forget 
material, Kowever that such material is still avail- 
able in storage and is not forgotten is clearly 
revealed by direct tests of forget items. The pro-* 
blems inherent in this approach are perhaps obvious; 
but in the context of our illustrative procedure ^ they 
can be circumvented in part by administering such a 
test after a final forget-cue list of a laboratory 
session / that is^ when contradicting the rules of 
the task can no longer matter. By way of a general 
sximmary statement concerning the results of intentional 
forgetting studies ^ it would appear that forget items , 
while still largely available in storage ^ need not 
have any substantial interference effect on the 
retrieval of remember itens. 



Mechanisms of Intentional Foraotting 



We shall mention five iwchanisms of intentional 
forgetting v/hich have been proposed. One is an erasure 
process. By this is rrearit that the huitian memory system 
possesses the capacity to expunge information from 
memory upon command. 

A second mechanism applies to situations in 
which what are forget materials for one group of 
subjects must be maintained in mind by a com.parison 
group while remember materials are being tested. The 
idea here is that we have a limited capacity retrieval 
mechanism and that the presentation of a forget cue 
releases this mechanism for attention to only those 
items v/hich must be remembered thereby facilitating 
performance. This has also been referred to as a 
recycling hypothesis by Epstein (1969) . By this is 
meant that a forget instruction can improve test 
performance because it liberates one from having to 
recycle forget items for later retrieval while one 
is searching for remember items. 

Three other mechanisms may be discussed simul- 
taneously^ inasmuch as they do not appear to be 
mutually exclusive of one another. These three 
mechanisms are differentia l grouping ^ differential 
rehearsal , and sal ective search. TKe differential 
grouping notion is a s-f^^rage process and means that 
forget and rememJ:>er material are tagged differentially 
or grouped in storage such that any interference 
between the two kinds of items is substantially reduced. 
Differential rehearsal the notion that upon the 
occurrence of a forget instmction all rehearsal 
energies are oriented toward remember information 
and away from forget information. The idea of selec- 
tive search is an emphasis on the im.portance of retrieval 
processes. The argument is that a forget signal may 
permit a subject to restrict his search to a smaller 
well- demarcated set of items thereby improving per- 
formance. The interrelatedness of these mechanisms 
can be readily appreciated. For instance^ in order 
for differential rehearsal to occur ^ the forget and 
remember sets must be differentiated in mind. Differ- 
ential rehearsal^ in turn^ v/ould appear to be condu- 
cive to establishing sets of items upon v/hich a selec- 
tive search process can operate. Finally^ selective 
search seems to presuppose the existence of sets of 
items v;hich have been differentiated in memory. 
Speaking more generally, the occurrence of any one 
of these processes seems to imply the operation of 
at least one of the remaining ones. 
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We turn novr to a description of our experiments 
on directed forgetting. While the research bears 
mainly on the notions of differential rehearsal and 
differential grouping^ it has implications for all five 
of the mechanisms just mentioned and these v/ill be 
pointed out as each experiment is presented. 



EXPERIMENTS ON IMTEITTIONAL FORGETTING 



Experiment 1 

The main concern of this experiment v;as with the 
directed forgetting rnechanisn of differential grouping. 
It has been shovTi that the interference effects of 
an initially presented set of items on the recall of 
a second set of items can be largely diminished if 
one is instructed to forget the first set of items 
(e.g.^ Bjork^ 1970). The question raised in this 
experiment was how effective a forget cue would be 
when the discriminability between the tv/o sets of 
items V7as reduced. To effect such a reduction two 
variations v;ere tried. One was to make the remember 
and forget items categorically similar; the other was 
to institute a delay prior to recall. 

I'^ethod . The general procedure of this experi- 
ment was the alternate presentation and test by the 
method of free recall of different lists of words. 
In some of the lists ^ but not all of them^ a forget 
cue (a dollar sign for half the subjects and three 
asterisks for the other half) v/as interpolated between 
two of the words. This meant that the subject x^as 
not responsible for recalling any of the v;ords v;hich 
preceded the cue, only those which followed it. And^ 
of course^ he did not kncv; in advance whether or not 
a list would contain such a signal. 

Each of 128 college students sax7 eight lists 
of words presented at a 2.5-second rate. These eight 
lists represented the factorial combination of three 
independent variables. One such variable was the 
nature of the list members^ either common unrelated 
words or categorically related words chosen from the 
Cohen^ Bousfield and Whitmarsh (1957) norms. As a 
second variable^ the v/ritten free recall tests after 
each list were administered either immediately or 
after a 2-minute interval of solving number-series 
or arithmetic problems . 

The final independent variable v/as the presence 
or absence of a forget cue. For lists of unrelated 
words ^ there v/ere 15 remember item.s and 15 forget item.s 
which antedated any cue. The comparable figures for 
lists of categorical words were 25 anri 25. For the 
latter type of material^ the remember items v;ere five 
exemplarvS from each of five categories. And they v;ere 
blocked in the presentation sequence. Any forget 



items in a list v;ere five different exemplars selected 
from each of the sane fi\^e categories and also presented 
in block fashion. Thus, a cacegorical forget cue list 
contained forget and remember words which were drawn 
from the same conceptual clr.sses. The presentation 
order of the lists insured that materials and condi- 
tions were counterbalemced. 

Over and above the lists described to this point, 
there was also a final list v/hich consisted of 30 
unrelated words v;ith a forget cue after the 15th item. 
Half the subjects were tested under a^ "forget" condi- 
tion. They were left to believe in what a forget cue 
had alv;ays mecmt up to this juncture. However, at 
the end of the list and contrary tc the original 
instructions, these subjects v/ere asked to recall only 
those words v/hich had been presented prior to the 
forget cue. The other half of the subjects were 
tested under a "divide" condition. Before the last 
list, members of this group were told that a forget 
cue would occur but that now they should treat the 
cue as a point of division of the list into tv/o parts, 
and that they should try * remember each part as if 
it were a separate list- \.hey were also infoirmed 
that they v;ould be teF 1 on both parts although they 
did not know in which wi.der. Like the forget group, 
of coiirse, they were subsequently asked to recall the 
first segment first. Following recall of this set 
of items, both groups were then asked to x^rite down 
as many of the post-cue items as they could. 

Results and Discussion . Table 1 shows means and 
standard deviations for recall of the remember words 
for the first eight lists. It is clear that the mean 
number of unrelated v/crds recalled v;hether immediately 
or after a delay was independent of the occurrence of 
a forget signal, F (1, 120) < 1. By contrast, recollec- 
tion of categorical items for lists containing a for- 
get instruction was depressed v/ith an apparently 
greater effect when recall was immediate rather than 
delayed, F (1, 120) = 54.24 and 8.87, p< .001 and 
• 01 , respectively . 

There are at least two problems in drawing defini- 
tive conclusions from these data. First, if one 
considers the recall of tinrelated words, it cannot 
be said that the forget cue eliminated interference 
owing to forget items. Rather it could be simply 
that recall from no-forget-cue lists was depressed 
because of the uncertainty as to what was going to be 
tested under such conditions. The point can perhaps be 



Table 1 



Recall of the Eight Lists of 
Unrelated and Categorical ^Jords 



Test Forget Cue 



Unrelated Categorical 
words words 

rean SD Mean SD 



Immediate Absent 7.1 2.5 15.8 4.1 

Present 6.9 2.5 13.4 3.7 

Delayed Absent 5.1 2.7 12.8 4.7 

Present 5.2 2.6 11.9 3.7 



appreciated by consideration of forget-cue conditions 
where upon the occurrence? of the cue^ the subject 
knows for certain he is going to be responsible for 
recalling each item he sees thereafter. Of course^ 
precisely the same problem exists with respect to 
categorical materials. A second point is that even 
though there was interference in the recall of 
categorical lists v;hen forget items were presented^ 
it could still be the case that the forget cues have 
led to some diminution of such interference. But 
to know this for certain would require a condition 
in which two sets of items are presented without the 
subject knowing until the end of the list that it is 
the second set he is to recall. Experiment 2 was 
designed to cope \^ith these two difficulties. 

^ Data concerning recall of the pre- and post-cue 
segments of the final list appear in Table 2. Recall 
of the segment prior to the signal was reliably lower 
when the cue was a forget instruction^ F (1^ 126) = 
6.00^ £ < .05; the compensatory difference in favor 
of the forget condition on the second test/ however ^ 
was not statistically significant^ F (1^ 126) = 3.49, 
£ > .05. 



Table 2 




Pecall of the Final 


List 




List segiDenI: 


Cue meaning 


Mean 


SD 


P re-cue 
(test 1) 


Forget 


3.1 


2.7 




Divide 


it O 

4.2 


2.0 


Post-cue 
(test 2) 


Forget 


3.8 


3.0 




Divide 


2.8 


2.4 



These data accord well with the notion of differ- 
ential rehearsal. Upon the occurrence of the cue, 
the assumption is that the divide group would attempt 
to keep both segments in mind wliereas the forget 
group would rehearse only the second segment, dropping 
the first from mind^ The obtained pattern of results 
follows from this amalysis. On the other hand, the 
recycling mechanism discussed earlier does not seem 
to be a VBXY potent factor. In other words, the divide 
group ^ even though it had to keep the post-cue segment 
•alive* while recalling the pre-'cue segment, still did 
better on test 1 than did the forget group v^hich was 
not explicitly instructed that it would have to recall 
the post-cue segment. In addition, perfect operation 
of an erasure mechanism is soundly denied by the 
evidence that forget words can be recalled. The 
conclusion^ then, is that a forget instruction leads 
to a shift tov/ard rehearsal of to-be-remembered items 
and away from rehearsal of those which can be for- 
gotten. That such differential rehearsal need not 
affect overall performance is clear from the fact that 
the divide and forget groups produced virtually the 
same number of items from the list considered as a 
whole. In short, given a fixed amount of study time, 
a constant amount can be recalled (cf# Reitman, Malin, 
Bjork, 6 Higman, 1973; Epstein, 1969). 
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Experiment 2 



Method. The main difference bet^/een Experiment 1 
and the present one, was thdit rather than simply forget 
or non-forget-cue lists, there vrere five different 
conditions. Control lists CI and C2 contained only one 
set of words. Under the Cl condition, however, the 
initial visual label "Set 1" vras presented thus leaving 
open the possibility that a second set might be pre- 
sented (it never was). Under the C2 condition, the 
initial label v/as "Set 2" th^^ireby indicating that the 
set to follow v/ould be the only one to be presented. 
Three other conditions involved forgetting the first 
set of words (F2) f probing for the first set (Pi), 
and probing for the second set (P2) . Under F2, the 
first set of items was cued after its presentation 
to be forgotten and thus the subject knew that set 
2 would be tested. Under PI and P2, the instruction 
after the first set was to retain it with the final 
instruction being to recall set 1 and set 2, respec- 
tively. 

Of the probe conditions, PI was included to 
authenticate the instructions that either the first 
or tile second set would be tested. Hovjever, its data 
are of no particular interest for present purposes, 
and v;ill not be described. The remaining conditions, 
Cl, C2 , F2, and P2, cen be conceived of as representing 
the orthogonal comJ:?in£tion of two two-level factors. 
One was an uncertainty variable. In the C2 and F2 
conditions, subjects knew before the end of a list 
which items would be tested but they J not in the 
Cl and P2 conditions. The other variable 'was the 
presence of interfererce iteras prior to the remember 
set. There were no such items in the Cl and C2 
conditions but there v;ere in the P2 and P2 conditions. 

The other main differences from the prior experi- 
ment v/ere that there was no final list of the kind 
presented in Experiment 1, the time-of-testing variable 
was a between-subjects factor, and there v/ere 80 sub- 
jects tested. 

Results and Discusaion . Immediate and delayed 
recall of unrelated and categorical remember vrords 
under the critical conditions C2, Cl , F2, and P2 
are described in Table 3* Considering first recall 
of unrelated v7ords, it is clear that in general prior 
knowledge of v/hich items are to be tested improved 
recall, F (1, 60) = 23.34, p <.001, while the presen- 
ration of forget items prior to the set of remember 
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Table 3 

Recall of Unrelated and Categorical Remember Words 



Unrelated Categorical 
Test Condition ^Jords TJords 







r'ean 


SD 


ITean 


SD 


Immediate 


C2 


6.7 


2.5 


15.6 


3.5 




CI 


5.9 


2.3 


14.3 


4.0 




P2 


6.7 


2.2 


13.2 


3.9 




P2 


5.2 


2.1 


12.2 


3.5 


Delayed 


C2 


5.2 


2.9 


11.5 


3.6 




CI 


4.4 


2.1 


12.4 


4.7 




F2 


4.2 


2.3 


10.8 


3.3 




P2 


2.7 


2.3 


9.1 


3.2 



items diminished performance^ F (1^ 60) = 19.91^ 
p < .001. Howevar, the interaction of time of testing 
and the presence of prior items ^ F (1^ 60) = 6.43, 
£ < .05^ makes it clear that most of the proactive 
interference occurred under delayed testing. If one 
takes 1- ( (C2-F2)/(C1-P2) ) as a measure of the amount 
of interference overcome by a forget instruction, 
then it would appear that a forget cue under imme- 
diate testing was 100% effective in eliminating 
interference from prior forget items, x^hereas in the 
delayed condition it was approximately only 40% 
effective. 

With categorical words, the debilitating influence 
of prior items v;as evident under both immediate and 
delayed testing, F (1, 60) = 43.67, £ < .001. The 
effect of prior knowledge of which items were to be 
tested was somev/hat irregular; with delayed testing, 
performance under the Cl condition was actually better 
than performance under the C2 condition. This reversal 
was reflected in a statistically significant inter- 
action of the three factors of this experiment, F 



(i^ 60) = 4.46^ £ <^ ,05. As to the question of how 
effective a forget cue was in overcoming the inter- 
ference owing to forget items ^ use of the formula • 
described above indicates that it v/as totally ineffec- 
tive in imiT.ediate testing but roughly 8C% effective • 
under delay<3d testing. 

Based on this experiment then^ we may conclude e 
that with unrelated v/ords and immediate testing^ a 
forget cue administered immediately after the pre- 
sentation of a set of words can neutralize the inter- 
ference owing to these item.s. With delayed testing 
of unrelated words or immediate or delayed testing 
of categorical words ^ such cuing is not nearly so 
potent. Indeed^ with categorical words tested 
immediately after their presentation^ a f >rget cue 
was totally ineffective in the reduction of forget- 
word interference. These observations lend consider- 
able support to the importance of the mental differen- 
tiation of sets of remember and forget words ; making 
their differentiation more difficult can result in 
the absence of any evidence of positive forgetting. 

Experiment 3^ 

If set differentiation is a necessary condition 
for positive forgetting^ then one should be able to 
observe evidence of difficulties in actually dis- 
criminating between forget and remember items ^ 
particularly v/here our recall tests have shown inter- 
ference effects owing to forget items. Accordingly^ 
the objective of Experiment 3 v/as to observe the 
accuracy of discrimination under conditions like 
those of Experiments 1 and 2. 

Method. Unlike the free-reca.ll procedure of the 
previous two experim.ents^ Experiment 3 used a "Yes-No" 
recognition test. For this purpose^ rem.ember and forget 
words were scrambled together and laid out in a column 
on a test sheet. In the case of a list which had 
contained a forget cue (a dollar sic;n in this study) ^ 
the subject was asked to circle the remember words but 
not the forget words. For lists which did not contain 
a ccrget cue^ that is^ consisted only of remember 
\.ctds, the subject was asked to circle only those 
ivords which had been presented to him and not those 
which had not. 

As in Experiments 1 and 2, half the lists con- 
sisted of unrelated v/ords and half of categorical 
words. Lists of unrelated words contained 15 remember 
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iteir.s and if a forget signal occurred, 15 forget items. 
The comparable figures for the categorical lists x^ere 
again 25 and 25. Testing v/as either inmiediate or 
delayed for a period of 2 min. The latter variable 
was a between-subjects factor? the materials and 
forget-cue variations v/ere within-subjects factors. 
Thus, each subject sav; four lists, either categorical 
or unrelated and with or without a forget instruction. 
Once again, lisc presentation orders observed a counter- 
balancing of materials and conditions. Presentation 
was visual at a 2.5 second rate. There were 58 sub- 
jects in this experiment, 29 in each of the immediate 
and delayed testing conditions. 

Results and Discussion . Table 4 summarizes dis- 
crimination performance as indexed by the Yes-No recog- 
nition procedure. Hits and false alarms refer respec- 

Table 4 

Mean Numbers of Hits (H) and False Alarms (FA) 
for Unrelated and Categorical Words 



Forget Unrelated Categorical 
Test Cue r lords T'Jords 







H 


FA 


H 


FA 


Immediate 


Absent 


11.1 


.3 


21.4 


1.1 




Present 


8.7 


3.2 


18.8 


5.2 


Delayed 


Absent 


10.2 


1.3 


20.3 


2.9 




Present 


7.6 


3.5 


17.1 


6.2 



tively to items circled vjhich x^ere and were not 
remember words. It is quite clear that discrimina- 
tion performance was uniformly superior for lists 
which did not contain a forget instruction. In all 
instances forget cue conditions on the average 
resulted in fewer hits and more false alarms than 
the appropriate comparison conditions, F (1, 56) 
> 33.32, £< .001 in all cases. Thus, it would 
appear that experimental arrangements in which for- 
get items can interfere with the recall of remember 
items can also produce difficulties in discriminating 
between forget and remember v/ords. That such impaired 
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discrimination is a necessary although not a sufficient 
condition for interference from forget items is indi- 
cated by the fact that whereas discrimination diffi- 
culties were observerl in the recognition of unrelated 
v/ords mder immediate testing^ such conditions in 
Experiments 1 and 2 produced no evidence of forget- 
word interference. 

Experiment £ 

This experiment was further concerned x^ith the 
influence of forget words on the recollection of 
remember words. Up to this point we have observed 
that with immediate testing of unrelated w^ords^ the 
administration of a forget cue can in some way over- 
come interference owing to forget items. The ques- 
tion asked in this experiment was v/hether turning 
the forget items into a somewhat more active storage 
load V70uld produce debilitating effects on recall. 
By this we meant getting our subjects to expend some 
effort to keep the forgat material "alive" in memory. 

Method. Each of 134 subjects saw 10 lists of 
unrelated common words presented at a 2c5 second rate. 
Five of the lists contained forget cues and five 
did not with no more than two consecutive occurrences 
of either kind of list. The numl^er of items prior to 
a forget instruction varied . There were either 4 , 6 , 
8^ 10, or 12 forget words with each value being used 
once. After a forget signal and in lists without such 
a signal, there occurred 12 rem.ember words and these 
were tested by the method of free recall. 

The nature of the memory load due to the forget 
items was varied in the following manner. For half 
the subjects, the signal to forget conveyed the sam.e 
meaning that it did in the experim.ents which have 
already been described. The cue for this purpose 
xms the words "Now forget" against a background of 
slanting lines. Since these items could be dismissed 
from any further active consideration, they were 
deemed to represent a passive storage load. The com- 
parable instruction for the remaining half of the 
subjects was the v7ords "Test later" again displayed 
against a background of slanting lines. This meant 
that the subject v;as to try to keep the forget items 
in mind, because while they vzould not be tested at 
the end of the list in v/hich they occurred, th^=.y 
would be tested at the end of the experiment. Because 
of the responsibility for having to keep the forget 
items alive, they were judged to represent an, active 
storage load. ^ 
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At the conclusion of the experiment^ two tests 
were given to all subjects. Firsts there v;as a free- 
recall test of all forget v/ords. hfter 3 minutes of 
v;orking at this, a 40-iteni^ 4-alternative ^ forced- 
choice recognition test of the forget items was 
administered. 

Results and Discussion . Table 5 presents means 
and^ in parentheses , standard deviations for perfor- 
mance on immediate and final retention tests. Our 

Table 5 



Means and Standard Deviations (in Parentheses) for 
Immediate and Final Retention Tests 



Immediate Final Test 

Test ^ 

Nature of 

Instruction Cue Correct Recall Recognition 

Recall 



Forget Absent 6.4 

(1.2) 



Present 6.4 2.6 26.3 

(1.3) (2.3) (6.0) 



Test later Absent 6.5 

(1.3) 



Present 5.9 4.4 2fl.5 

(1.6) (3.3) (6.8) 



initial analysis indicated that the effect of the 
number of forget words in the list - 4^ 6, 10^ or 
12 - was neither systematic nor consistent. Accordingly, 
the five cue lists were considered as one as were 
the five no-cue lists thus yielding two mean recall 
scores for each subject. What is shown in the intme- 
diate test column of Table 5 are means and standard 
deviations of these means for the four main conditions 
of the experiment. The immediate recall data indicated 
an interaction between the nature of the forget 
instruction and whether or not any instruction occurred, 
F (1, 132) = 11.71, p <.001. That is, only in the 
Fest-later condition, where presumably the forget items 
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served as an active meitiory load^ vzas there an adverse 
influence on the iiranediate recall of remember items. 
The difference in performance betvreen conditions in 
which a forget cue and a test- later cue was present was 
on the order of half an item and was statistically 
reliable, F (1, 132) = 16.42, p < .001. 

The interpretation of the immediate recall data 
preferred here is that the active storage load of 
items to be tested later has its effect by reducing 
the amount of rehearsal devoted to remember items in 
lists where such a cue occurs. The possibility that 
a more general phenomenon was involved, that is, 
that items to be tested later were being recycled 
during noncue lists seems precluded because perfor- 
mance in the condition where the test-later cue vras 
absent v/as not depressed relative to performance in 
the forget group. 

The final recall test indicated that subjects 
acted in accordance with our instruction about the 
meanings of the forget cues. Specifically, perfor- 
mance when subjects knew they were going to be tested 
later on forget items was significantly superior to 
perfojnnance when such a test was not expected, F 
(1, 132) = 13.99, p .001. By contrast, the per- 
formance of the two groups en the subsequent recog- 
nition test was not reliably different, F (1, 132) 
< 1. These results are consonant with Bjork's (1972) 
analysis of the influence of differential rehearsal 
on directed forgetting. Bjork^s position is that 
such rehearsal can be expected to influence retrieval 
and thus performance on a recall test, which involves 
retrieval. By contrast, the recognition of forget 
items depends only upon their initial registration and 
is independent of the amount of rehearsal devoted to 
them. Thus, the absence of any substantial difference 
in recognition between the forget eind test-later 
groups is to have been expected. 

Experiments 5^ and 6^ 

The main thrust of these experiments concerns the 
directed forgetting mechanism of differential rehearsal. 
Secondarily, they have implications for two of the 
other mechanisms described earlier, namely, differen- 
tial grouping and erasure. Unlike the previous experi- 
ments where the interest was in the retention of 
remember words, the aim of these experiments was to 
assess retention of forget material. 
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Method. The task x;as single-trial free recall 
of coiimion unrelated v^ords presented visually at a 
1.5-sec rate. A list contained 32 vjords with 6 
lists presented in Experiment 5 and 8 in Hxperiment 
6. There x>7ere 88 and 57 subjects in these tv/o experi- 
ments f respectively. 

A basic independent variable was whether or not 
a list contained a foraet cue. In these experiments 
a dollar sign after the 12th word was the signal to 
forget. Thus in a forget-cue list there were 12 
forget words and 20 remember words and in a no-fotget 
cue list^ 32 remember words. In each experiment^ 
half the lists contained a forget cue. 

The other major independent variable v/as the 
occurrence or nonoccurrence of repeated words within 
lists. In Experiment 5^ either no v/ords were repeated^ 
the 18th word was a repetition of the 6th^ or the 24th 
word was a repetition of the 12th. In Experiment 6^ 
both the 18th and 24th words of a list had been pre- 
sented previously in positions 6 and 12^ respectively ^ 
or they had not. Thus in Experiment 5^ a list could 
contain one repeated v.^ord and in Experiment 6 , txvo 
repeated words. In any events v/liether repeated or 
not repeated^ we shall hereafter refer to xvords 
occupying the 18th and 24th serial positions as 
critical item^s. 

The major point of these experiments that must 
be appreciated is the positioning of the first and 
second occurrences of repeated words vis-a-vis the pre- 
sentation of any forget cue. Note first/ that the cue 
separated the occurrences of a repeated item. Second , 
note that the initial position of an item occurring 
both before and after a forget cue v/as either imme- 
diately prior to the cue or six inputs prior to it. 
The rationale behind this variation with respect to 
the mechanism of differential rehearsal v;as as follox'js: 
According to this mechanism^ rehearsal of forget items 
should terminate upon the presentation of a' forget in- 
struction. At this point/ it v;ould be expected that most 
of the rehearsal of an item six positions in advance 
of the cue xvould already have been accom.plished^ 
whereas the rehearsal accorded to an item presented 
immediately before the cue would be substantially 
curtailed. Assuming that the extent of long-term 
storage is an increasing function of rehearsal ^ then 
the long-term strength of the form.er kind of item 
should not be appreciably diminished whereas it should 
be for the latter kind of itei?7. Subsequent repeti-^ 
tions of these two kinds of v7ords were assumed to 
lead to eventual recall performance which mirrored 
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the effects on long-term trace strengths due to the 
occurrence of a forget cue. in particular r on the 
basis of dif ferenti^:xl rehearsal/ one would expect 
that the benefits of two presentations of an item 
separated by a forget signal v/ould be substantially 
reduced only when the initial presentation of the 
repeated item inuaediately precedes the signal. 

Results and Discussion . Table 6 presents recall 
proportions for critical words in the two experiments. 
The pattern of results is the same in both cases 

Table 6 



Recall Proportions for Critical Words 



Words presented twice 



Serial position of the second 
presentation. Lists with a 
forget cue are denoted by an F. 



Words 

presented 18 18F 24 24P 

Experiment once 



5 .31 .57 .52 .65 .49 

6 .23 .50 .49 .54 .33 



despite the fact that the critical words appeared to be 
somewhat easier to recall in Experiment 5. The first 
thing to note is that recall of repeated words even 
when separated by a forget cue was always superior to 
recall of nonrepeated words. Apparently^ then^ the 
occurrence of a forget cue does not lead to the com- 
plete erasure of information stored in conjunction 
with forget items. Nevertheless^ it does seem to 
make a difference as to vjhen a forget cue is presented 
relative to the input of items vjhich are instructed 
to be forgotten. Whereas recall of repeated items 
recurring in position 18 was independent of v/hether 
cr not a forget cue separated the two presentations^ 
F (1^ 10) < 1 and F (1, 18) < 1^ for Experiments 5 
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and 6, respectively^ there were substantial differences 
with respect to repeated items recurring in position 
24. Specifically, recall of a repeated v:ord originally 
presented immediciuely prior to a forget cue \^as de- 
pressed relative x,o recall in the absence of a cue, 
P (1, 10) = 4.66, £ < .10 for Experiment 5 and F (1, 18) 
= 6.74 , jg^ < .05 for Experiment 6. The tenor of these 
results IS thus quite consistent with the expectations 
derived from the mechanism of differential rehearsal 
which were outlined previously. 

Another implication of these data concerns the 
mechanism of differential grouping. To begin with, 
it is to be noted that to some extent, differential 
rehearsal implies cognitive differentiation of forget 
and remember items. Does such differentiation in- 
volve storage in different locations in mem.ory, however, 
as Bjork (1972) has recently implied? If such is 
the case, then it vrould seem to follov; that in this 
experiment, re-presentation of a forget word as a mem- 
ber of the rem.ember set should not make contact with 
the trace of its original presentation vrith the effect 
that repetition benefits should not accrue to a forget 
word» Since the results of these experiments were 
quite to the contrary, the conclusion to be dravm is 
that differential grouping of remember and forget 
items is not literal, that is, does not involve 
storage in different memory locations. 

Experiments 7^ and 8_ 

These experiments bear principally on the processes 
of differential grouping and differential rehearsal. 
The differential grouping factor was investigated by 
either blocking or mixing remember and forget items 
in the presentation sequence. The thinking was that 
a mixed order of forget and remeniber items on a study 
trial would make set differentiation somewhat more 
difficult thereby leading to poorer retention of 
remember items. The factor of differential rehearsal 
was examined at three levels; conditions vrere arranged 
sxich that all rehearsal v7r?.s devoted to remember items , 
more rehearsal was cle"«^oted to remember items than 
forget items, or rehear<=!al v/as approximately equally 
divided between remember and forget item:=5. The 
anticipation v^as, of course, that the amount of 
interference from forget items should vary inversely 
with the degree of differential rehearsal favoring 
the remember materials. Retention in these experi- 
ments was assessed by a recognition procedure. The 
main difference betv/een the studies was that in 
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Experiment 8 a test involving the forget items and 
some of the remember items v;as administered after 
all lists had been presentee' . 

Method , In contrast with the previous experiments 
an item-by-iterp cuing procedure v/as adopted. In parti- 
cular^ each word vjas followed by either an "X" or an 
"O". Half the time the X meant remember the item emd 
the 0 meant forget it^ and half the time^ the meanings 
of these signals were reversed. The study material 
common unrelated v7ords — and the cues vrere visually 
presented at a 2-sec rate^ and the subjects said each 
word aloud as it was presented. Each of six lists 
consisted of 12 remember words and depending on condi- 
tions^ either 12 forget words or 12 three-digit numbers 
At the end of a list attention to the recognition test 
was delayed for 30 sec by the administration of a set 
of number series problems (Experiment 7) or a task of 
recognizing nonvTord CVC trigrams as new or old (Experi- 
ment 8) . 

In each experiment^ thore v/ere six independent 
groups of 12 subjects. These groups reflected the 
factorial combination of two variables. The first 
concerned the integration of foroat and remember items 
in the presentation sequence • For half the subjects^ 
the forget and remember words were blocked in the 
study sequence; that is^ half the time the rem^ember 
items occurred first and then the forget items and 
half the time the forget items preceded the remember 
items. For the other half of the subjects^ the remem- 
ber and forget v;ords v/ere integrated in the presen- 
tation sequence. That is^ they were presented randomly 
subject to the restriction that no more than two of 
either type occur in succession. Hereafter^ we shall 
refer to the former condition as the block condition 
and the latter^ as the mixed condition. 

The other main independent variable concerned 
differential rehearsal and its levels may be most 
conveniently described according to how much rehearsal 
was devoted to the forget items ^ namely^ none^ a 
minimum amount, or a rraximum amount. In the none condi 
tion^ the forget items w^re simply not presented* They 
were replaced by three-dicyit numbers v;hich the subject 
knev; in advance he did not have to recall. Each of 
these numbers was followed by a forget cue. Thus^ 
in the none condition^ all the v;o3cds were remember 
items and each v;as succeeded by a remember signal. 
In the minimum condition^ both forget and remember 
words were presented and cued appropriately. In this 



case, the subject was told at the beginning of each 
list what an X and what an 0 meant. Since the sub- 
jects knev7 iimnediately after a v;ord v^as presented 
v;hether or not it could be forgotten, it was felt 
that only a ninimuro amount of rehearsal would be 
devoted to each forget item, namely, that involved 
in registering the v/ord. The maximum condition 
differed from the miniTnum condition in that the 
subjects were not preinstructed as to the meaning 
of the Xs and Os. Rather, an instruction immediately 
after the terminal input indicated which v;ere the 
remember items. The thinking here was that since the 
subject did not know until the end of the list which 
were the remember items he would have to devote 
chearsal activity to both sets of words. 

In Experiment 7, each recognition test consisted 
of 12 targets and 12 nontargets. In the conditions 
where forget v;ords were presented, 6 of the 12 non- 
targets were forget v/ords and 6 were new words in the 
'^ense that they had not been seen previously in the 
context of the experiment. For groups which saw no 
forget words, the 12 nontarget items were simply new 
items. In Experiment 8, each recognition test con- 
sisted of 10 target items and 12 nontarget items and 
the nontarget items v;ere divided in the same way as 
in Experiment 7. The subject m.ade a confidence judg- 
ment to each test item ranging from 6 (positive the 
v;ord was a member of the rerierier set) to 1 (positive 
the word was not a member of the remember set) . In 
Experiment 8 there was also a final recognition test 
administered approximately 2 minutes after the recog- 
nition test on the last list. This final test con- 
sisted of the 12 remember or target words not pre-- 
viously tested, the 36 forget v/ords not previously 
tested, and 12 entirely nev/ xrords. Confidence judg- 
ments as previously described were required for this 
test. 

Results and Discussion . The proportions of hits 
and false alarms on immediate recognition tests in 
Experiments 7 and 3 are presented in Table 7. The 
more potent of the independent variables was the 
degree of rehearsal accorded to forget words (or 
alternatively, the degree of differential rehearsal 
in favor of the remember vjords) . In Experiment 7, 
the rehearsal variable was statistically reliable 
in the case of hits, false alarms on forget words, 
and false alarms on new words, F (2, 66) > 9.46, 
£< .001. In Experiment 8, this v/as true for hits 
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and false alarms on forget words , F (2, 66) > 34.20, 
£ < .001^ but not in the case of false alarms on 
new words. In gereral, the less the rehearsal accorded 
to forget iteins^ the better the performance. The 
only statistically significant effect of block versus 
mixed presentation was in Experiment 8 vihere false 
alarms on forget v/ords in the mixed condition were 
greater than under blocked presentation^ F (1^ 66) 
= 4.55, < .05. 

Looking at the total picture presented by both 
experiments and all dependent variables^ it would 
appear that recognition performance in the six major 
conditions can be classified into three categories. 
The no-rehearsal blocked cind mixed conditions are 
equivalent and best; the minimum rehearsal blocked 
condition is intermediate; and the minimum rehearsal 
mixed and maximum rehearsal blocked and mixed condi- 
tions are worst but not much different among them- 
selves. What appears to have happened then is that 
performance deteriorated when forget items v/ere simply 
presented in block fashion and it deteriorated even 
more v/hen they were either mixed in the presentation 
sequence with remember iter^s or vTere accorded a con- 
siderable degree of rehearsal regardless of whether 
they were blocked or mixed in the presentation sequence. 

Final recognition perfomance in Experiment 8 is 
presented in Table 8. Once again, the effective variable 
is the degree of differential rehearsal favoring the 



Table 8 



Proportions of Hits and False Alarms 
on Final Recognition Test 



Item 
Order 



Rehearsal 



Hits 



False Alarms 



Fo rget Words New Words 



Blocked 



None 

Ilinim.um 
Maximum 



.67 
.51 
.39 



.12 
.31 
.44 



.11 
.11 
.15 



Mixed 



None 

rlinimum 

flaximum 



.65 
.44 
.43 



.16 
.27 
.46 



.14 
.08 
.17 



remember items. Both for hits and for false alarms 
on forget words although not on ne\: words ^ perfor- 
mance declined the more the forget items viere rehearsed, 
F (2, 66) ^ 9.13, p <:;.001. The differences betv/een 
blocked and mixed presentation orders were not signi- 
ficant. Performance continued to be most adversely 
affected x^rhen forget items were presented without 
regard to v/hether they v/ere ipixed or blocked in the 
presentation sequence with some indication that the 
deterioration was perhaps not so great when they were 
accorded only minimum rehearsal. 

These data point to the significant role that 
differential rehearsal can play in the process of in- 
tentional forgetting. Our attempt to hinder differen- 
tial grouping by mixing remember and forget items 
in the presentation sequence was on balance not 
terribly successful. The possibility exists that 
this may have been due to the use of a recognition 
test and accordingly Experiment 9 was carried out in 
virtually the same way as these experiments except 
that a free recall procedure was used. 

Experiment £ 

Method. The prccedura, materials, and design 
of Experiment 9 v/ere the same as in Experiments 7 and 
8 save for the fact that a free-recall test was com- 
pleted at the end of each list. There was also a 
final recall test v/hich asked subjects to v/rite dovm 
as many of the vjords as they could that they had 
seen earlier regardless of v/hether they were 
remember or forget words. Further^ the subjects 
v;ere asked to circle those words which they thought 
had been earlier cued to be remembered. 

Results and Discussion . Means and standard 
deviations for performance on the immediate recall 
test are shown in Table 9. Unlike the two previous 
experiments^ both independent variables proved to 
be statistically significant sources of variation. 
Thus, performance c^clined the more that rehearsal 
was devoted to forget words, P (2, 66) = 49.02, 
p < .001, and was reduced when remember and forget 
Ttems were mixed as opposed to blocked in the pre- 
sentation sequence, F (1, 66) = 5.20, £ < .05. Des- 
pite the absence of a significant interaction of 
these variables, it is apparent that the brunt of 
the blocked-mixed effect occurred only when forget 
items were presented and also that the sheer presen- 
tation of forget items was not overly interfering in 
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Table 9 



Performance on Iitirr-ediate Recall Tests 



Blocked Mixed 

Rehearsal " 

Mean SD Mean SD 



None 6.9 1.0 7.1 1.5 

Miniinum 6.6 1.6 5.7 1.4 

Maximiam 4.2 1.1 2.7 1.0 



the absence of their maximum rehearsal or their being 
intermingled with remember items in the presentation 
sequence . 

The mean numbers of remember and forget words 
recalled on the final test are set forth in Table 10. 
The differential rehearsal variable continued to be 

Table 10 



Ilean Word Recall and Proyortionp of Words 
Identified as Remember I tens (in Parentheses) 
on Final Recall Test 



Blocked Mixed 



Rehearsal 


Remember 
Words 


Forget 
Words 


Remember 
Words 


Forget 
Words 


None 


24.3 




25.8 




Minimum 


21.8 


3.3 


17.3 


4.0 




(.95) 


(.17) 


(.92) 


(.52) 


Maximum 


13.8 


8.6 


11.3 


6.8 




(.76) 


(.30) 


(.62) 


(.28) 
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ef:*:ective for both dependent variables, F {2, 66) 
= 17.54, £ < .001 for remember words and F (1, 66) 
= 56.71, £ < .001 for forget words. By tne time of 
the final recall test, however^ the blockocVmixed 
variation was not statistically significant. A 
final note concerns the accuracy with v^hich subjects 
identified the words they recalled as rememl^er or 
forget items. The proportions of items circled as 
being remember v/ords are shoxvn in parentheses. With 
the exception of the fact that forget words are mis- 
identified more under minimum, than under maximum 
rehearsal^ these statistics by and large were res- 
ponsive in the same way as was recall to variations 
in rehearsal and in the presentation of remember 
and forget v/ords. 
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CONCLUSIONS OF EXPERIMENTS ON INTENTIOI^AL FORGETTING 

What do the studies just reported have to say 
about each of the five intentional forgetting mech- 
anisms described earlier? Concerning erasure^ it 
would appear that if there is such a mechanism^ its 
operation is far from perfect. In all experiments 
which we have conducted v/herein the retention of 
material which one has been instructed to forget has 
been assessed^ we have been able to find evidence 
that traces of forget material are still available 
in storage. Nor do our studies^ in our opinion , 
give much support to the recycling hypothesis. In 
Experiment 1^ a group of subjects recalled a set of 
words in the face of having to recall a second set 
when it had finished v/ith the first set. Neverthe- 
less^ this group still achieved a higher level of 
recall than a group simply tested on the first set 
of words after having been told earlier to forget 
them. Additionally^ Experiment A, wherein some sxib- 
jects were cued to be tested later on certain items ^ 
indicated that the adverse effects of keeping such 
items in mind were restricted to the lists in which 
they were presented and^ as one might have expected 
on a recycling notion^ did not extend to other lists 
which did not contain forget items. Of course^ the 
possibility that subjects in this experiment recycled 
items to be tested later only during the retention 
test following the list in which they v/ere presented 
cannot be ruled out. 

As for the three non-mutually exclusive mechanisms 
— differential rehearsal^ differential grouping^ and 
selective search — • the experinents reported bear 
mainly on the first two of these mechanisms. Never- 
theless^ because selective search is undoubtedly 
facilitated by differential rehearsal and is pro- 
bably dependent upon differential grouping of remember 
and forget items ^ the data of the present studies do 
suggest some grounds upon which the selective search 
mechanism may operate. Insofar as set differentia- 
tion is concerned^ Experiments 1^ 2, and 9 indicated 
that such differentiation is eroded or even eradi- 
cated by semantic similarity between sets^ by a 
lack of temporal differentiation of the sets^ and by 
a delay prior to recall of remember items. Further- 
more^ Experiment 3 suggested that discriminative 
difficulties between sets are a necessary although 
not a sufficient condition for interference from 
forget items effected by manipulations in such variables. 
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Operation of the mechanisiP of differential rehear- 
sal in these studies is rost strongly implicated by 
the results of Experiments 5 through 9. By means of 
an i^em repetition prccs<3uTe^ Experiments 5 and 6 
revealed that the less rehearsal a forget item has 
been accorded the poorer will be its retention • Experi 
ments 7, 8^ and 9 demonstrated that the less rehearsal 
accorded to forget items, the less will they decimate 
the retrieval^ either recognition or recall^ of remem- 
ber words. 
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EXTERII^NTS ON NONINTEIJTIONAL FORGETTING 

Several lines of research have been conducted under 
the aegis of this grant which do not bear directly on 
the problem of intentional forgetting. Nevertheless^ 
like the research on directed forgetting^ they do bear on 
the general problem of human forgetting. The purpose^ 
general method^ and surnmary outcome of each of these 
projects will be taken up in turn. 

Explorations of the Tip- of- the - Tongue Phenomenon 

The concern of this experiment v/as v/ith that 
state of mind in which recall of information from long- 
term memory v/hile vinsuccessful is agonizingly imminent. 
Such experiences have occurred to most of us and 
usually concern retrieval of such things as words ^ 
people's names ^ and miscellaneous facts of informa- 
tion. This experiment attempted two things; firsts to 
capture the course of the resolution of such tip-of- 
the-tongue (TOT) states over time and second^ to refine 
the relationship between ultimate recognition and 
prior feelings of knov^ing about the contents of memory. 

Method. Forty male and female undergraduate stu- 
dents were tested on 24 general information questions. 
To each one they gave the following: a feeling-of- 
knowing judgment of the answer ranging from 1 (definitely 
know) to 4 (definitely don't know); an indication of 
whether or not the answer v/as on the tip-of-the-tongue; 
an answer f even if it was a guess; and a confidence 
judgment of the answer ranging from 1 (certain correct) 
to 4 (certain incorrect) . Thence ensued an interval of 
approximately 48 hours during which the subjects are 
asked not to think of any of the questions. However^ 
if the ansv/ers to any missed quesiiicns came spontan- ^ 
eously to mind^ he was to record them on a prepared 
response sheet he had been given • The second session 
consisted of another presentation of the 24 questions 
with the nature of responding as just described. A 
third presentation of the questions in the form of a 
four-alternative forced-choice recognition test followed 
immediately with a confidence judgment — 1 (certain 
correct) to 3 (a guess) — required for each response. 

Results and Discussi on. Of the session 1 TOTs 
meeting the numerous definTtional criteria^ 36% were 
resolved by the end of the first questioning^ 61% by 
the end of the 48-hour interval^ 69% by the end of the 
second questioning^ and 100% by the end of the recogni- 
tion test. Cumulative percentages for a comparable 
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group of non-TOT questions w-re 2%, 1Q%, 43%, and 100%^ 
respectively. Such observations give testimony to the 
strong liability to recall associated v/ith TOT states. 

Ultimate recognition Was positively related to the 
strength of feeling-of-knovdng' jvidgments tendered during 
the second testing session, Kov/ever^ the range of the 
function could be increased over what is generally 
observed by treating questions evoking TOT states as 
belonging to a category stronger than the strongest 
feeling of knowing. Thus, the percentage of correct 
recognitions for TOT states was 82% and this declined 
to 46% for the weakest feeling of knowing. By contrast. 
Hart (1967) found that subsequent correct recognitions 
for feeling-of-knovring states were r>6% and for non-feeling- 
of -knowing states, 42%. Clearly, the relationship 
betv/een s\ibseguent recognition and feelings of knowing 
can be refined by considering as a separate category 
those feeling-of-knowing states where recall is on 
the tip of the tongue, ^ 

Proactive Inhibition and Practice Effects in Single - 
Trial Free Reca ll 

This research represents the doctoral dissertation 
of James Goodwin. He had observed that v;hen subjects 
are repeatedly presented and tested by the method of 
free recall on lists of coimion unrelated words, some 
reliable changes occur over the course of testing. One 
is a change in the function relating percent correct 
and input position. On list 1, performance on first 
presented items is superior to recall of last presented 
items. In other i/ords, there is more primacy than 
recency. As the experimental session v/ears on, the 
level of recall of first presented items decreases and 
that for last presented iteais increases. That is, there 
is a shift from primacy to recency. Another observa- 
tion, and one which is correlated with this shift from 
primacy to recency, is a change in output statistics 
with additional lists. Early in an experimental 
session, recall tends to begin with first presented 
items. On later lists, however, it is the terminal 
items which are recalled first. 

Goodwin's particular interest v;as in the decline 
in the primacy effect (i.e., level of recall of first 
presented items) with practice. Five studies were 
conducted and they succeeded in showing rather convin- 
cingly that this effect is only minim»ally if at all 
due to the correlated change in output strategy which 
occurs with practice. The general approach which Goodwin 
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adopted was to shov; that output statistics could be 
varied considerably without any correcponding varia- 
tion in the decline in primacy v^ith practice. Rather 
than describe each of tha five experiments in detail, 
a general flavor of the investigation will be conveyed 
by considering only one of the experiments, one which 
employed, in fact^ a variation of a directed forgetting 
procedure. 

Method . Three lists of 15 common unrelated nouns 
were visually presented at a 2.5-sec rate to two groups. 
In addition to standard free recall instructions, the 
subjects were told that they might not be tested after 
every list, and that if they were not tested, they 
would spend time equivalent to what they otherwise devote 
to recalling v;ords to working on number-series problems. 
At the end of each list, subjects were cued either to 
recall the words or to work on the number-series 
problems. In one of the two groups, the recall group, 
subjects were tested on all three lists. In the other, 
the number series group, only the last list was tested. 

Results and niscussion . If one looks at serial 
position curves for list 1 end list 3 of the recall 
group, the usual drop in primacy with practice is clearly 
evident, riore importantly, the primacy portion of the 
only list on which the nuitiber series group v;as tested 
was virtually identical to the third list on v/hich the 
recall group was tested. Apparently then, a decline in 
primacy can occur even though one has had no prior 
experience in recalling lists of words. In addition, 
the output statistics indicated that the numJDer series 
group showed no disposition tov/ard recalling either 
primacy or recency items first. This contrasted with 
the recall group wherein a definite shift in output 
strategy occurred, that is, from recalling first pre- 
sented items first on list 1 to retrieving last pre- 
sented items first on list 3. 

Since an output strategy interpretation of the 
decline in primacy with practice did not seem very com- 
pelling, Goodwin concluded by suggesting that the 
decline is due to ^ build-up of proactive inhibition 
as more and more lists are studied and tested. While 
such an interpretation possesses face validity and 
also makes contact v/ith explanations advanced for a 
similar phenomenon in another context (cf. Wickens, 
1970), it suffers from being rather general and cer- 
tainly requires more severe testing than Goodwin's experi- 
ments subjected it to. 
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Temporal Dating and Single - Trial Free R ecall 

It is clearly the ce/je that ipenory has a temporal 
dimension; more often than y>.ot we remember v;hich events 
occurred before^ simultaneous with^ or after which 
other events. TJhether such information is functional 
in the retrieval of inforination from memory^ however^ 
is another question. And it v;as to this question 
that James Goodwin addressed himself in this research 
which served as his Master's thesis and which is 
reported in the American Journal of Psychology^ 1912, 
85, 597-604. 

As in the research just described^ the empirical 
focus was once more on the decline in primacy which 
occurs with practice in the task of single-trial free 
recall. Is it possible that this decline is paralleled 
by a decline in memory for temporal information acquired 
during the presentation of a lict which is to be tested 
by free recall? If so^ then one could continue to 
entertain the notion that temporal information is impor- 
tant to the retrieval cf at least initial list members 
in free recall. But if not^ then one possibility could 
be that temporal tags are of little functional value 
in free recall. To assess the retention of temporal 
information^ a reconstruction task in which one reassembl 
a scrambled order of list members into its proper order 
was used. 

Method . Each list contained 15 unrelated concrete 
nouns presented visually at the rate of 1 word every 
1.5 sec. There were tv/o independent variables of 
interest whose factorial combination yielded four inde- 
pendent groups v;ith 36 subjects being assigned to each 
one. Half the subjects received 1 list and half the 
subjects received 6 lists. The critical lists in these 
tv/o conditions are the 1st and 6th lists^ respectively. 
These critical lists v/ere tested half the time by free 
recall and half the time by reconstruction. Hov/ever^ 
they were studied under the impression that they were 
to be tested by free recall. 

Results an d Disc u ssion . The critical observations 
in thxs experiment were the primacy ef facts on the 
critical lists under the two methods of testing. For 
free recall^ there was the conventional decline in 
primacy with practice^ that is^ from list 1 to list 6; 
but with reconstruction^ no such well-defined decline 
in primacy occurred. This result is certainly suscep- 
tible to a number of interpretations. But one of 
them^ and the one preferred by Goodwin^ was that the 
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results are not consistent v/ith the point of view which 
stresses the efficacy of temporal tags as cues for the 
retrieval of early list members during free recall. 

Retroactive Facilitation yn Shor t- Term Retention of 
Minimally Learne d Paired Associat'es 

Three experiments conducted in collaboration with 
a faculty colleague^ George E. Weaver^ and reported in 
the Journal of F xperimental P sychology ^ 1973, 100^ 9-17, 
were designed to extend to tHe realm of short-term 
memory some of the basic transfer paradigms used in the 
study of long-term memory. The initial concern was to 
test the generality of the interference theory of 
forgetting and to determine whether or not short- and 
long-term memory are mediated by a single type of 
storage mechanism. As the experiments progressed, 
however, it became apparent that the results would 
have little to say about such issues. Nevertheless, 
they did generate observations which were of interest 
in their own right. 

Method . The procedure, which vras common to all 
three experiments, involved the presentation of short 
lists of paired associates. Follov7ing each one, reten- 
tion was tested for two or three of the pairs by pre- 
senting their left-hand mambers and asking the subjects to 
give what they thought were the corresponding right-hand 
members. The composition of these tested or critical 
pairs was one major independent variable. We may 
illustrate by reference to the first of the three experi- 
ments. The pairs were entirely dissimilar or they con- 
tained identical left-hand members. A second major 
independent variable concerned the nvimber of occurrences 
(either 1 or 2) of the second .presented critical pair. 
The other two experiments w^re mainly variations on 
the theme of manipulating the nature of the critical 
pairs. Common to all three experiments was a third 
independent variable, namely^ where the critical pairs 
occurred in the list. They were presented either at 
the beginning, in the middle, or at the end of a list. 
And, of course, the subjects did not know in advance 
just where they vrculd he placed. 

The pairs in each list consisted of either trigrams 
or v/ords as left'-hand members and v/ords as right-hand 
members. Each subject was tested 2-4 times under all 
conditions of an experiment. Finally, pair presenta- 
tion was visual and at the rate of one pair every 2 or 
3 sec. I 
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Results and Discussio n. The most consistent and 
outstanding result of these experiments concerned recall 
of the first presented critical item, ^ihen first and 
second pairs shared identical stimuli^ performance on 
the first pair was facilitated relative to the case 
where the two pairs did not share identical stimuli. 
Such a finding cc^trasts sharply with the data from 
studies of long-term retention wherein recall of a 
first learned set of paired-associates is depressed 
if a list learned second shares the same left-hand 
members. The explanation tnat we prefer for our 
results is simply that pairs with identical stimuli 
are rehearsed together more than arc items from a 
paradigm comprising different stimuli. 

Type of Rehearsal and Delay in Single-Trial Recall 

Rundus and Atkinson (1970) have described an overt 
rehearsal procedure which they have used in the context 
of a free recall task. As used in their experiment, 
each word in a list was presented visually for a 5-sec 
interval. During this time, the subject rehearses 
aloud any items from the list which enter his mind. 
There are no restrictions on the order of rehearsals 
and the only requiremc-int: is that subject must maintain 
a constant flov; of rehearsal activity for the entire 
5-sec interval. Such a procedure has proved useful in 
generating theoretical notions ahcut h;xman memory in 
general and the task of free recall in particular. 
Nevertheless, the possibility exists that this proce- 
dure yields a somev;hat distorted picture of what sub- 
jects are ordinarily doing during list presentation, 
and it v;as this possibility v/hich was investigated in 
the current experiment. 

The procedure was simple encugh. Two groups of 
subjects 'were compared, one of wl\ich rehearsed overtly 
and the other which rehearsed covertly. A within- 
subjects variable v/as then manipulated in each of the 
two groups; specifically, the free recall test following 
each list was administered either immediately or after 
a delay of 20 sec. The question was whether or not 
performance would be comparable in tlie two groups which 
rehearsed differflntly. 

Method . Six lists of 15 unrelated nouns were pre- 
sented at the rate of one word every 5 sec and each 
was tested by the method of free recall. Half the 
lists v;ere testod immediately and half were tested 
after a 20-second delay during v;hich subjects read 
digit arrays aloud as fast as they could. Mo more 
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than txfo consecutive lists v/ere of the same type. One 
group of 36 subjects v;as given standard free recall 
instructions and hence rehearsed silently or covertly. 
Another group of 36 subjects rehearsed overtly following 
the procedure described by Randus and Atkinson (1970) . 
That is^ subjects in this group were free to rehearse 
list items in any order provided that they filled each 
item presentation interval v/ith rehearsal activity. 

Results and Discussion . Inspection of the func- 
tions relating percent correct to input position re-* 
vealed that the delay in testing resulted in similar 
reductions in the level of recall of those items pre- 
sented last for both overtly and covertly rehearsing 
subjects. Nevertheless^ there were differences between 
the groups. In particular ^ overt rehearsal led to 
better recall of initial items whereas differences in 
favor of covert rehearsal were evident over nearly 
all of the subsequent serial positions. Taking all 
input positions together^ the group of subjects rehearsing 
covertly recalled an average of 9 words per list whereas 
overtly rehearsing subjects recalled an average of only 
7.9 words per list. These differences lead one to wonder 
about the extent to which one may safely draw conclu- 
sions cibout the operation of the human memory system 
under ordinary circumstances from data collected with 
the overt rehearsal procedure of Rundus and Atkinson 
(1970) . At the very leasts what is indicated is that 
subjects left to their own devices do not adopt pro- 
cesses for remembering information which correspond to 
overt rehearsal activity. 

Retention of Isolated VJords 

Why is a word which is made perceptually distinc- 
tive in a list remembered better than a comparable word 
which is not perceptually distinctive? One possibility 
is that when a particular item in a list is associated 
with a distinctive stimulus attribute^ the attribute 
serves as a cue which directly facilitates subsequent 
retrieval of the item. Another possibility is a selec- 
tive attention-rehearsal hypothesis: an isolated item 
is more likely to be remembered than a comparad^le non- 
isolated one because it tends to be held in mind longer. 
These two possibilities were examined in this research. 

Method . Three experiments were conducted which 
differed only slightly from ona another. In all of 
them^ lists of 20 common v/ords v;ere visually presented 
at either a 1- or 2-second rate and tested by either 
free recall or recognition. Each list contained four 
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critical words. These v/ords vrere either (1) semanti- 
cally related (2) senantically unrelated but enclosed 
in rectangles (isolated items) ^ (3) box:h semantically 
related and enclosed in rectangles, or (4) neither 
semantically related nor e.nclo5ed in rectangles (con- 
trol iteiTiS) . The critical words either occurred con- 
secutively^ that Is, were n^assed during presentation, 
or v/ere distributed throughout the list. 

Results a n d Discussi on. The results of all three 
experiments appeared to support the conclusion that 
the isolation effect is the result of special attention 
or rehearsal given to perceptually distinct stimuli, 
and that it is not the result of the distinctive 
attribute per se serving as a retrieval cue. The 
results which supported this conclusion were: (1) that 
enhanced recall of isolated items v^as at the expense 
of other items in the list; (2) that the superiority 
in the recall of isolated over control items was 
greatest for the first isolated v/ords in a list; 
(3) that the isolation effect persisted in recognition 
where problems of accessibility are presumably eliminated 
whereas the effect of the semantic cue (i.e., semantic 
relatedness) Was cut sharply; and (4) that the isolation 
effect was not reduced after distributed presentation 
whereas the effect of semantic relatedness was. 
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CO!^CLUSIONS OF EXPERIMINTS ON NONIKTSITTIOlJ/iL FORGETTING 

General conclusions based on all the data reported 
in this section ara virtual J y impossible in viev/ of 
the v/idely varying nature of the researches. However^ 
we see three points of contact aiTiong them and it is 
these which v^ill be emphasized here. 

The first of these concerns rehearsal as a control 
process. Tv/o of our lines of research^ namely^ that 
involving the short-term retention of paired associates 
and the retention os isolated items have appealed to 
rehearsal in explaining observed phenomena. Further- 
more^ the experiment in which controlled and uncontrolled 
rehearsal were compared confidently concluded by saying 
that covert rehearsal activity is unlike the simple 
repetition of items. But hidden behind these appeals 
to rehearsal and assertions about its nature is a basic 
ignorance of just v/hat rehearsal does. Thus^ to attri- 
bute some phenomenon to rehearsal only raises the fur- 
ther question of how rehearsal produces that phenomenon. 
Moreover f to say what rehearsal is not is quite a 
different matter from saying what it is. 

Two of the researches v;hich were described^ namely, 
the Kaster's thesis and dissertation of James Goodwin , 
dealt with the decline in primacy which occurs with 
practice in single-trial free recall. TTiile this is a 
rather minor empirical phenomenon, it nevertheless 
appears to implicate and exclude explanatoiry factors 
of rather considerable importance. In particular, it 
appears that temporal information ordinarily stored in 
the course of remembering is not an important basis 
for the retrieval of information from memory. And 
secondly, the importance of previously studied material 
as a powerful interfering force in the retention of 
information is once again im.pl icated. 

The final point we should like to make concerns 
the importance of retrieval. The tip-of-the-tongue 
phenomenon is an excellent example of a retrieval 
failure; v/hat is sought after is clearly in memory 
but there is a failure to access fully the requisite 
information. One wonders whether most of our memory 
losses are due not so m^uch to the unavailability of 
information but to its inaccessibility. If this is true, 
then the real problem becomes one of finding the appro- 
priate retrieval cues. And it may be that this is the 
essential nature of rehearsal, that is, identifying 
appropriate retrieval information by which to locate 
and extract at some later time information from memory. 
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